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OBJECTIVE — To test whether diabetic polyneuropathies (DPNs), retinopathy, or nephropa- 
thy is more prevalent in subjects with impaired glycemia (IG) (abnormality of impaired fasting 
glucose [IFG], impaired glucose tolerance [IGT], or impaired HbA lc [IA1C]) than in healthy 
subjects (non-IG). 

RESEARCH DESIGN AND METHODS— Matched IG and non-IG volunteers were ran- 
domly identified from population-based diagnostic and laboratory registries, restudied, and 
reclassified as non-IG (n = 150), IG (n = 174), or new diabetes (n = 218). 

RESULTS— Frequency (%) of DPN in non-IG, IG, and new diabetes was 3 (2.0%), 3 (1.7%), 
and 17 (7.8%) narrowly defined (no other cause for polyneuropathy) and 19 (12.7%), 22 
(12.6%), and 38 (17.4%) broadly defined. Mean and frequency distribution of composite scores 
of nerve conduction and quantitative sensation tests were not significantly different between IG 
and non-IG but were worse in new diabetes. Frequency of retinopathy and nephropathy was 
significantly increased only in new diabetes. In secondary analysis, small but significant increases 
in retinopathy and nephropathy were found in IGT, IFG, and IGT combined groups. 

CONCLUSIONS — In population studies of Olmsted County, Minnesota, inhabitants, prev- 
alence of typical DPN , retinopathy, and nephropathy was significantly increased only in subjects 
with new diabetes — not in subjects with IG as defined by American Diabetes Association (ADA) 
criteria of abnormality of IFG, IGT, or IA1C For atypical DPN, such an increase was not observed 
even in subjects with new diabetes. In medical practice, explanations other than IG should be 
sought for patients with atypical DPN (chronic idiopathic axonal polyneuropathy) who have IG. 



The prevalence of impaired glycemia 
(IG) and type 2 diabetes mellitus 
(T2DM) is increasing to epidemic 
frequencies (1-4). This increase is associ- 
ated with high morbidity and mortality 
due mainly to atherosclerotic compli- 
cations, but diabetic polyneuropathy 
(DPN), retinopathy, and nephropathy 
may also be increasing. Since IG typically 
evolves into T2DM, it is inferred that IG 



Diabetes Care 35:584-591, 2012 

itself causes microvessel complications 
(5-18), but the evidence for this is con- 
tradictory. Weight loss and vigorous ex- 
ercise reportedly resulted in increased 
numbers of epidermal nerve fibers, inter- 
preted as indicating nerve fiber regenera- 
tion (19) but an alternative explanation, 
increased packing density from decreased 
surface area due to weight loss, might also 
explain it. 
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The neuropathies associated with di- 
abetes have been classified into general- 
ized and focal and multifocal varieties, 
and the former into typical and atypical 
varieties (20). Typical DPN (or diabetic 
sensorimotor polyneuropathy [DSPN]) 
is a distal sensorimotor polyneuropathy 
thought to be due to vascular and meta- 
bolic derangements secondary to chronic 
hyperglycemia and sensitively diagnosed 
by nerve conduction abnormality (20). 
Atypical DPNs (also called chronic idio- 
pathic axonal polyneuropathy [CIAP]) 
are intercurrent, small fiber, painful, and 
autonomic neuropathies. Whether or not 
IG itself causes DPN (and of which kind), 
retinopathy, or nephropathy has been 
studied, but the results have been ques- 
tioned because of methodologic concerns 
and discordant results (5,8,16,18,21-24). 
To amplify these concerns, in estab- 
lished T2DM, chronic hyperglycemia is a 
strong risk covariate for DSPN with models 
of exponents of A1C (%), duration of di- 
abetes (years), and type of diabetes or age of 
onset of diabetes correlating with and pre- 
dicting the severity of DSPN (25-27). 
However, such quantitative studies have 
not been extended to IG (22). Confirma- 
tion that chronic hyperglycemia and sec- 
ondary metabolic derangements (26) are 
important risk factors for DSPN came 
from randomized clinical trials comparing 
rigorous to conventional management of 
hyperglycemia (28,29). 

The question addressed here is, does 
IG alone cause DPN? This question has 
become more complicated since it is now 
recognized that generalized DPN needs 
to be classified into at least two varieties — 
typical (typ) and atypical (atyp) DPN (20), 
and IG may be ascertained by impaired 
fasting glucose (IFG), impaired glucose tol- 
erance (IGT), impaired HbA lc (IA1C), or 
combinations. However for both varieties, 
previous studies of the question provided 
contradictory results. Considering typ 
DPN in a study of Japanese American 
men, nerve conduction abnormality was 
found in 46.2% with diabetes (type 2), 
2.9% with IGT, and 5.1% with non-IGT 
(5). Also, no increase in retinopathy or 
nephropathy was found with IGT. By 
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contrast in the San Luis Valley Study us- 
ing only clinical evaluation by nurses 
(albeit trained for this purpose), an in- 
termediate prevalence of DPN between 
that of non-IG and diabetes was found 
(6,7). de Neeling et al. (8) studied nerve 
conduction abnormality and other neu- 
rophysiology tests in patients without 
and with IGT, new-onset diabetes, and 
prevalent diabetes and found "large fiber 
nerve dysfunction" within the range of 
IGT to diabetes (P < 0.05). However 
in a study by Isak et al. (23) using objec- 
tive nerve conduction measurements, no 
increase attributable to IG was found. 

As concerns intercurrent painful and 
autonomic small-fiber polyneuropathies 
(atyp DPNs), the reported conclusions 
also differ (9-15,17,19,21,30). Studies 
mainly of symptomatic patients seen in 
tertiary referral centers (9-15,17,19) 
found higher frequencies of IG than in 
historic control subjects. In prospective 
studies, a low frequency of painful neu- 
ropathies was found in people with IGT 
(31,32), whereas in another prospective 
trial of idiopathic axonal polyneuropa- 
thies versus control subjects, hyperlipid- 
emia rather than hyperglycemia was 
thought to be the likely cause of CIAP 
(21). Studies of sweating and epidermal 
nerve fiber densities in patients with IGT 
have provided only suggestive evidence of 
abnormality in IG (16,18). 

Knowing that the health care commu- 
nity is advocating healthier diets, a more 
active physical lifestyle, and avoidance of 
obesity, is it even appropriate to address the 
question studied here of whether impaired 
glycemia causes polyneuropathy, retinop- 
athy, and nephropathy? We think the 
question should be addressed for the fol- 
lowing reasons: 1) scientific reasons be- 
cause some previous studies have had 
methodo logic problems, which have pro- 
vided contradictory results; 2) if IG does 
not cause atyp DPN (CIAP), it is impor- 
tant that other causes be considered; 3) 
answering the question definitively is im- 
portant information relating to minimal 
diagnostic criteria for diabetes itself; and 
4) it might have therapeutic implication, 
e.g., whether or not IG itself should be 
treated. 

RESEARCH DESIGN AND 
METHODS — The essential features of 
the Olmsted County, Minnesota, USA, 
Impaired Glycemia (OC IG) Survey were 
identification of persons with IG and non- 
IG in local population-based medical and 
laboratory registries, obtaining consent 



by letter, assessing their glycemia status 
(non-IG, IG, and new diabetes) at study 
(Fig. 1) and then evaluating their micro- 
vessel complications (typ and atyp DPN, 
retinopathy, and nephropathy) by masked 
and objective examination criteria (Supple- 
mentary Fig. A). The survey was made pos- 
sible by the unique nature of the medical 
practice in this community, which facilitates 
population-based epidemiologic surveys and 
therapeutic trials of prospectively defined 
groups of patient cohorts using masked, ob- 
jective, and quantitative assessment of com- 
plications previously described (33). 

The OC IG Survey (NS36797) was 
initiated on 1 April 2004 (22). Following 
approval by the respective institutional 
review boards, the medical and laboratory 
data of the Mayo Clinic and the Olmsted 
Medical Center were used to identify the 
Olmsted County residents with IG (i.e., 
fasting plasma glucose [FPG] values 



>6.1 to <7.0 mmol/L from blood taken 
between 5:00 and 9:30 a.m.) between the 
years 2000 and 2005. The slightly higher, 
lower limit of abnormality of FPG was de- 
liberately set to avoid inclusion of border- 
line IG patients. A matched (by age and 
sex) list of local residents without IG (FPG 
<5.6 mmol/L) for the same time period 
was also prepared. Specifically, nerve, 
eye, or kidney complications, as recorded 
in an index of medical diagnoses (33), 
were not used as exclusion criteria. Insti- 
tutional review board-approved letters 
inviting IG and non-IG people to partici- 
pate in the restudy of their IG status, as well 
as complications of typ and atyp polyneur- 
opathy, retinopathy, and nephropathy, 
were sent. At restudy, which was sometimes 
delayed for months or even a year or two, 
the IG status was reassessed and clinical mi- 
crovessel complications and tests were as- 
sessed independently of each other. 



OC IG Trial 



OC Volunteers from MCR and 
OMC Records 

IG = FPG > 6.1 - < 7.0 mmol/L 
non IG = FPG < 5.6 mmol/L 
IG:non IG, 2:1 



variable delay 



FPG < 5.6 mmol/L or 
2 hr OGTT < 7.8 mmol/L 




Dx or Tx DM, 
FPG > 7.0 mmol/L, 
2 hr OGTT > 11.1 mmol/L or 
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2 hr OGTT > 7.8 - < 11.1 mmol/L 
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Abbreviations: OC = Olmsted Country, MCR = Mayo Clinic Rochester, OMC = Olmsted Medical Center, IG 
= impaired glucose, DM = diabetes mellitus, non IG = non-impaired glucose, FPG = fasting plasma glucose, 
OGTT = oral glucose tolerance test, DPN = diabetic polyneuropathy, DSPN = diabetic sensorimotor 
polyneuropathy 

Figure 1 — Shown is the algorithm used to identify IG and non-IG patients from Mayo Clinic 
Rochester (MCR) and Olmsted Medical Center (OMC) disease and laboratory registries. At study 
(usually delayed by months), volunteers were classified by their IG status and microvessel 
complications (e.g., no DPN, DSPN, or atyp DPN) in non-IG, IG, and new diabetes (DM) groups. 
Eval., evaluation; Dx, diagnosis; Neuro, neuropathy; Tx, treated as DM. 
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At restudy, patients were defined as 
having IG when their FPG was >5.6 
mmol/L, their 2-h 75-g oral glucose toler- 
ance test (OGTT) plasma glucose values 
were >7.8 mmol/L, and they did not 
have new diabetes as judged by one or 
more of the following: FPG value >7 
mmol/L, a 2-h OGTT plasma glucose 
value >11.1 mmol/L, or an A1C value 
>6.5% (Fig. 1). An A1C value was not 
used as a lower limit for IG (because the 
lower limit [6.0%] was later changed to 
5.7%). Also, if patients revealed at re- 
study that they had previously been di- 
agnosed or treated as having diabetes, 
they were included in the new diabetes 
group. 

Power for a comparative study of 300 
IG and 300 non-IG patients was deter- 
mined to be 84% (a = 0.05 one-sided) for 
detecting a relative risk for DPN (typ and 
atyp varieties combined) of 5.0 (frequencies 
of DPN were assumed to be 1% and 5% for 
non-IG and IG, respectively) (22). The dis- 
tribution of non-IG and IG patients and the 
total sample size, however, had to be mod- 
ified because of budgetary considerations 
and a greater than expected number of peo- 
ple whose status had changed from IG to 
new diabetes. Data were analyzed accord- 
ing to the IG status at the time of study 
evaluation using standard measures of as- 
sociation and tests for proportions. 

To recognize a subtle functional neu- 
rophysiologic change of nerves in IG, we 
compared composite scores of nerve con- 
duction (NC) (2 2 NC nds, 2 4 NC nds, 2 
5 NC nds, and 2 6 NC nds) spanning 
normal and abnormal values among the 
three study groups. Assessed were sum- 
mated normal deviate scores (from per- 
centiles corrected for age, sex, and 
physical characteristics [34] , with all ab- 
normalities expressed in the lower tail of 
the normal distribution, obtained from 
the study of a healthy subject cohort). 

The minimal criterion for DSPN was 
NC abnormality (2 2 NC nds <2.5th per- 
centile, i.e., Stage la) with increased se- 
verity staged by additional neuropathic 
signs and symptoms (Supplementary 
Fig. A) (20,35). All neurologic assess- 
ments were performed (by PJ.D.) by en- 
tering neurologic signs in the Neuropathy 
Impairment Score and symptoms in the 
Neuropathy Symptoms and Change into 
paper and electronic form (Clinical Neu- 
ropathy Assessment) (35). A distinction 
of typ from atyp DPN was made using 
the criteria recently described (20). Pa- 
tients classified as typ or atyp DPN were 
further classified by narrow and broad 



criteria. The latter patients were those in 
whom another diagnosis other than diabe- 
tes was considered, e.g., lumbosacral disk 
disease, spinal stenosis, a family history 
suggestive of inherited neuropathy, and 
others. 

Retinopathy was staged as R0 (no 
retinopathy), Rl (mild preproliferative), 
R2 (severe preproliferative), and R3 (pro- 
liferative) from 7 stereoscopic photo- 
graphs of each eye and as read in the 
Department of Ophthalmology and Vi- 
sual Sciences, University of Wisconsin- 
Madison (R.K.). Nephropathy was judged 
as being present if the 24-h urinary albu- 
min excretion was >30 mg. 

RESULTS 

Recruitment and disease 
characteristics of the survey 
subjects 

Of 558 volunteers recruited to be studied, 
542 (150 non-IG, 174 IG, and 218 new 
diabetes) completed the studies. In the IG 
group, 31 of 174 (17.8%) chose not to 
have the 2-h 75-g OGTT. The diagnosis of 
IG was based on abnormality of only IFG 
(60/174, 34.5%); IFG and A1C (58/174, 
33.3%); IFG, IGT, and A1C (28/174, 
16.1%); IGT and A1C (10/174, 5.7%); 
IFG and IGT (9/174, 5.2%); and IGT only 
(9/174, 5.2%). Small differences in age, 
sex, and physical features among study 
groups (Supplementary Table A) should 
not have influenced the results since neuro- 
physiologic end points (e.g., attributes of 
NC) were corrected for applicable variables 
affecting the frequency and severity of DPNs 
(34,36). Significant differences among stud- 
ied groups were observed for pulse, blood 
pressure, and some lipid and lipoprotein 
classes (Supplementary Table A). 

Prevalence of typ or atyp DPN was 
not increased in IG, but DSPN 
(typ DPN) was significantly 
increased in new diabetes 

The primary outcome measure, the prev- 
alence of DPN (typ or atyp or combined), 
was not significantly different between IG 
and non-IG, whether defined narrowly or 
broadly (Fig. 2). By contrast, the fre- 
quency of typ DPN only was significantly 
increased in new diabetes. 

In secondary analysis using IFG only, 
IGT only, or IFG and IGT combined as the 
criterion for IG, no significant increase in 
typ, atyp, or typ and atyp DPN was found 
whether narrowly or broadly defined. 
Significant increases were found for typ 
DPN in new diabetes. 



Confirmation of a functional NC 
abnormality in new diabetes but 
not in IG 

None of the four composite NC scores 
assessed showed a significant difference in 
mean values between IG and non-IG (Fig. 3). 
The 25th, 50th, 75th percentiles and 
range values were essentially overlapping 
between IG and non-IG. By comparison, a 
definite and significant downward shift to- 
ward abnormality was shown for new di- 
abetes. As a further test of the validity of 
these composite NC scores, we compared 
them with those of an earlier healthy 
subjects' cohort (the Rochester Diabetic Neu- 
ropathy Study of Healthy Subjects [RDNS- 
HS]) and to a previously studied prevalence 
diabetes cohort (the Rochester Diabetic 
Neuropathy Study [RDNS]) (Fig. 3). The 
composite scores of the non-IG and IG 
groups did not differ significantly from 
the scores in the previously studied 
RDNS-HS (34). In RDNS (25,27), the 
scores were significantly worse than in the 
presently studied non-IG, IG, and new di- 
abetes groups (Fig. 3). 

Additional confirmation of a 
functional abnormality in new 
diabetes but not in IG: 
quantitative sensation test results 

Quantitative sensation test (QST) results 
were confirmatory of the clinical and NC 
observations reported above (i.e., in- 
creased prevalence of typ DPN and com- 
posite NC abnormality only in new 
diabetes). No significant difference in 
quantitative sensation scores was found 
between the non-IG and IG groups, but 
scores were significantly worse in the new 
diabetes group than in the other two 
tested groups (Table 1). 

In contrast to the QST results, a de- 
crease in heart rate response to deep 
breathing (HR db ) was found in I G as com- 
pared with non-IG, but a further signifi- 
cant decrease was not found in new 
diabetes. In secondary analysis, a similar 
result was found when IFG only was used 
as the indication of IG. When IGT was the 
indicator of IG, no significant decrease of 
HR db was observed. 

Retinopathy and nephropathy 
increased in new diabetes but 
not in IG 

The frequency of diabetic retinopathy was 
3.4, 4.7, and 9.4%, respectively, for non- 
IG, IG, and new diabetes (Fig. 2). The 
difference was not significant between 
the non-IG and IG groups (P = 0.57) but 
was significantly increased for new 
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35% 
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20% 



15% 



10% 



p = 0.21 




Non IG | IG | New DM 
DPN (Narrow) 1 



Non IG | IG | New DM 
DPN (Broad) 2 



Non IG | IG | New DM 
Retinopathy 



NonlG| IG | New DM 
Nephropathy 



Odds Ratio (95% Confidence Interval) 

IG vs. non IG 0.9 (0.2, 4.3) 1 .0 (0.5, 1 .9) 

New DM vs. non IG 4.1 (1 .2, 14.4) 1 .5 (0.8, 2.6) 

New DM vs. IG 4.8 (1 .4, 1 6.7) 1 .5 (0.8, 2.6) 



1.4 (0.5, 4.4) 
2.9 (1.1,8.0) 
2.1 (0.9, 4.9) 



1.1 (0.4, 3.4) 
2.8 (1.1,7.0) 
2.4 (1.1,5.6) 



Figure 2 — Data are the prevalence and 95% CIs by IG classification and disease end point. P values are for unadjusted pairwise comparisons using 
Pearson \ 2 tests. 1 Typical DPN was significantly more frequent in new diabetes (DM) (6.0%) than in IG (0.6%, P <0.01 ) and more frequent than in 
non-IG (2.0%), although this latter difference was almost significant (P = 0.07). Atypical DPN was more frequent in DM (1.8%) than in non-IG 
(0.0%) or IG (1.%), but these differences were not significant. 2 Typical DPN was more frequent in DM (8.3%) than in non-IG (5.3%) or IG (4.6%), 
but these differences were not significant. Atypical DPN was more frequent in DM (9.2%) than in non-IG (7.3%) or IG (8.1%), but these differences 
were not significant. 



diabetes versus non-IG (P = 0.03) and 
borderline significant for IG versus new 
diabetes (P = 0.08). 

In secondary analysis and using IFG 
only as the IG criterion, retinopathy was 
found in 5.2, 4.3, and 10.2% — significantly 
increased in new diabetes versus IG. Us- 
ing IGT only, retinopathy was found in 
3.4, 9.9, and 12.1%— significantly in- 
creased in IG versus non-IG and new di- 
abetes versus non-IG. Using combined 
IFG and IGT abnormality, retinopathy was 
found in 4.4, 8.7, and 10.9%— significantly 
increased only in new diabetes versus 
non-IG. 

In primary analysis, nephropathy 
was recorded in 4.1, 4.7, and 10.7% of 
patients with non-IG, IG, and new di- 
abetes (Fig. 2). The difference was sig- 
nificant for non-IG versus new diabetes 
(P = 0.02), as well as for IG versus new 
diabetes (P = 0.03). 



In secondary analysis of nephropa- 
thy, nephropathy occurred in 3.5, 7.2, 
and 10.9% in non-IG, IG, and new 
diabetes — being significantly more fre- 
quent only in new diabetes. Using IGT, 
only nephropathy was found in 3.8, 
10.0, and 9.3% — significant for IG ver- 
sus non-IG (P = 0.03), diabetes versus 
non-IG (P = 0.03), but not significant for 
new diabetes versus IG (P = 0 . 8 7) . When 
both IFG and IGT were used, frequency 
was 3.6, 13.3, and 9. 4% — significant in- 
crease of IG versus non-IG (P < 0.01), 
diabetes versus non-IG (P = 0.02), but 
not significantly different for new diabe- 
tes versus IG. 

CONCLUSIONS— Our prospective, 
population-based survey using masked 
and quantitative assessment for the 
prevalence of polyneuropathy, retinopa- 
thy, and nephropathy did not find an 



increased prevalence of any of them in IG, 
defined as any abnormality of IFG, IGT, or 
IA1C (the latter used only to recognize 
new diabetes). Using the criterion of IGT 
for the diagnosis of IG, 31% had new 
diabetes by IFG or IA1C criteria. In a 
secondary analysis when IG was defined 
by IFG only, IGT only, or IFG and IGT 
combined criteria, no significant increase 
in typ, atyp, or combined typ and atyp 
DPN was observed whether narrowly or 
broadly defined; however, small but sig- 
nificant increases of retinopathy and ne- 
phropathy were observed. Since other risk 
covariates than chronic hyperglycemia 
(e.g., microalbuminuria or hypertension) 
might be implicated in early retinopathy 
or nephropathy, it is unclear whether this 
low level of increase can be attributed to 
impaired glycemia (37). 

To relate our results to those of earlier 
studies, we make a distinction between 
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Figure 3 — Cohorts studied are described in text (n = number of patients studied) . X 2 NC nds is the sum of peroneal MNCV and sural SNAP nds; X 5 
NC nds is the sum of peroneal CMAP, MNCV, and MNDL, tibial MNDL, and sural SNAP nds; X 4 NC nds is the sum of peroneal, tibial, and ulnar 
CMAP and sural SNAP nds; X 6 NC nds is the sum of peroneal, tibial, and ulnar MNCV andf-wave latency nds (all percentiles expressed in the lower 
tail of the distribution). Two-sample t tests: X 2 NC nds - 1 vs. 3 0.002, 1 vs. 5 <0.001, 2 vs. 3 <0.001, 2 vs. 5 <0.001, 3 vs. 4 <0.001, 3 vs. 
5 <0.001, 4 vs. 5 <0.001;X5 NC nds-1 vs. 3 0.033, 1 vs. 5 <0.001, 2 vs. 3 0.044, 2 vs. 5 <0.001, 3 vs. 4 0.002, 3 vs. 5 <0.001, 4 vs. 5 <0.001; X 4 
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3 <0.001, 3 vs. 4 0.002. Amongl, 2, and 4, there were no significant differences for any composite score. CMAP, compound muscle action potential; 
MNCV, motor nerve conduction velocity; MNDL, motor nerve distal latency; SNAP, sensory nerve action potential. 



typ and atyp DPN as agreed to at a recent 
consensus meeting (20). Typ DPN was 
defined as a length-dependent DPN, usu- 
ally developing on a background of 
chronic hyperglycemia and secondary 
metabolic derangement (polyol shunting, 



accumulation of advanced glycation end 
products, oxidative stress, altered lipid 
metabolism, or other). Typical early man- 
ifestations of typ DPN are abnormalities of 
NC and associated with it or developing 
later signs and symptoms of a distal 



sensorimotor polyneuropathy. The oc- 
currence of typ DPN is associated with 
diabetic retinopathy and nephropathy. 
Both large and small sensory fibers and 
motor and autonomic fibers may be af- 
fected. By contrast, atyp DPN (CIAP) is 



Table 1 — QST and HR db test results* in the OC IG Trial 
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143 


0.58 


1.10 


169 


0.34 


1.07 


206 


0.62 


1.07 


0.036 


0.056 


0.731 


0.013 


CDT nd 


142 


0.44 


1.15 


168 


0.41 


1.10 


205 


0.70 


1.25 


0.037 


0.808 


0.055 


0.021 


HP: 5 nd 


145 


0.19 


1.40 


170 


0.39 


1.55 


204 


0.59 


1.80 


0.073 


0.223 


0.020 


0.258 


HP:0.5 nd 


145 


-0.25 


1.57 


170 


0.04 


1.53 


204 


0.21 


1.80 


0.037 


0.101 


0.013 


0.314 


HP:5-0.5 nd 


145 


0.48 


1.34 


170 


0.41 


1.27 


204 


0.56 


1.38 


0.576 


0.646 


0.602 


0.295 


2 3 QST nds 


145 


1.23 


2.37 


170 


1.16 


2.47 


206 


1.89 


2.91 


0.013 


0.824 


0.019 


0.009 


HR db nd 


137 


-0.04 


1.13 


154 


-0.46 


1.08 


196 


-0.46 


1.25 


0.002 


0.001 


0.002 


0.975 



*Abnormality for VDT, CDT, HP, and X 3 QST is expressed in the upper tail of the normal distribution. Abnormality for HR db is expressed in the lower tail. DM, 
diabetes; CDT, cooling detection threshold; HP, heat as pain; VDT, vibratory detection threshold, f One-way ANOVA for all groups and two sample t tests for two 
group comparisons. Values in boldface indicate statistical significance. 
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manifested by intercurrent development 
of pain and autonomic symptoms and 
more selective involvement of small sen- 
sory and autonomic nerve fibers. NC ab- 
normality is not a necessary feature. 

To ensure that clinical evaluations of 
complications were standard, detailed, 
and comprehensive, we used the Neu- 
ropathy Symptoms and Change Score, a 
broad survey of muscle weakness and 
sensory and autonomic symptoms. To 
guard against biased exclusion of patients 
with atyp DPN, we included all patients 
with the symptoms and findings (into the 
broad category of CIAP) even when we 
thought they might have another cause 
than IG or diabetes for their neuropathy. 
To avoid overdiagnosis of typ DPN, we 
used a composite score of NC abnormal- 
ity as a minimal criterion. 

Considering typ DPN, our data do 
not support the hypothesis that IG causes 
it. While the power of our study is in- 
sufficient to rule out a small increase, a 
substantial increase appears unlikely for 
the following reasons: 1) we were able to 
demonstrate an unequivocal increase of 
this polyneuropathy in a new diabetes co- 
hort that was not much larger than the IG 
cohort; 2) average values of composite NC 
scores spanning normal and abnormal 
values showed no significant abnormality 
in IG, whereas they were significantly 
shifted in new diabetes; 3) similar results 
to those recorded in reason 2 were found 
for quantitative sensation test values; and 
4) occurrence of the complications of ret- 
inopathy and nephropathy known to be 
correlated with typ DPN also were not 
significantly increased in IG but were un- 
equivocally increased in new diabetes. 
The small but significant increase of reti- 
nopathy and nephropathy found only in 
secondary analysis may relate to a greater 
degree of chronic hyperglycemia with use 
of the IGT, and IGT and IFG combined 
criteria than we used — or any abnormal- 
ity of the three criteria. 

Our lack of finding an increased prev- 
alence of typ DPN in IG agrees with the 
results of Fujimoto et al. (5) and Isak et al. 
(23), who used NC as a primary indication 
of polyneuropathy, but not with that of 
Franklin et al. (6) based on clinical exami- 
nation by trained nurses. Use of clinical 
neurologic examination only may overesti- 
mate the frequency, especially signs of 
DSPN (38), emphasizing the need for use 
of objective minimal criteria for the diagno- 
sis. As we have recently shown, composite 
scores of NC, such as 2 2 NC nds or 2 5 NC 
nds, perform very well because they define 



the neurophysiologic test exactly by avoid- 
ing type 1 error, and they are representative, 
sensitive, and specific for the diagnosis and 
therefore are useful for epidemiologic sur- 
vey and conduct of controlled trials (38). 

Our finding that atyp DPN was not 
significantly increased in IG fits the con- 
clusions of Hughes et al. (21) and is not 
markedly different from that of Ziegler 
et al. (31,32) who found only low fre- 
quencies of such neuropathies in IGT pa- 
tients but whose results differ strikingly 
from that of several earlier studies using 
historic control subjects (9-15,17,19). 
Our studies focusing mostly on symptom- 
atic painful and autonomic polyneuropa- 
thies did not address the related question 
of whether counts of epidermal nerve fi- 
bers were decreased in IG. However, the 
tests we used (QSTs and HR db , presum- 
ably less sensitive or specific) did not de- 
tect abnormality in IG or new diabetes. 
Our findings are in keeping with the find- 
ings of Hughes et al. (21) using a concur- 
rent control group. Thus, the inferences 
that IG is a common or the usual under- 
lying cause of symptomatic atyp DPN (or 
CIAP) are not supported by our data nor 
that of Hughes et al. or Ziegler et al. The 
likely explanation for the difference in the 
results of the studies of Hughes et al. (21), 
Ziegler et al. (31,32), and our present 
study — finding no or only small increases 
of atyp DPN as compared with other stud- 
ies reviewed in the beginning of this ar- 
ticle — is difficult to reconcile but can be 
attributable, at least in part, to selection 
bias in the earlier studies (selectively re- 
cruiting patients with IG to study), to in- 
appropriate use of historic control 
subjects, or to use of only clinical criteria 
used for diagnosis. In this study, we may 
have more rigorously defined IG using any 
one of three criteria, i.e., IFG, IGT, or 
IA1C. To avoid the first two pitfalls, we 
recruited patients from a population- 
based disease and laboratory database 
(39), selected patients by their non-IG or 
IG status to avoid referral bias, and made 
judgments about the presence of atyp 
DPN by masked evaluation using both 
narrow and broad criteria. 

A priori power was not obtained in 
the study because of a decrease in the 
overall sample size and the realization of a 
third patient classification (new diabetes), 
which further limited the sample size for 
each classification group. Nonetheless, 
adequate power and precision (CI width) 
remained for between classification com- 
parisons and the description of the prev- 
alence of DPN. The realized sample sizes 



in each classification (i.e., 150, 174, and 
218 for non-IG, IG, and new diabetes, 
respectively) helped maintain precision 
by providing large sample sizes where 
higher prevalence of DPN could be antic- 
ipated (note, precision decreases as prev- 
alence approaches 0.5). For a range of 
hypothesized prevalences, say 1-10%, 
sample sizes ranging from 150 to 218 
would be expected to have precision of 
approximately plus or minus 4 percent- 
age points as measured by the width of a 
95% score CI. 

What are the implications of our 
studies? By showing that IG alone does 
not cause diabetic microvessel complica- 
tions, our results support present ADA 
criteria for the diagnosis of diabetes, 
based on the idea that the lowest level of 
chronic hyperglycemia that induces mi- 
crovessel complications should be the 
minimal criteria for the diagnosis of di- 
abetes. Also, our results have important 
implications for the diagnosis and man- 
agement of polyneuropathy in IG or di- 
abetes. Our studies may also have 
implications for the degree of hypergly- 
cemia control that is desirable for man- 
agement of diabetes. Our observations 
might be taken as a further argument not 
to overdo rigorous control of hyperglyce- 
mia in IG (40). 

Our findings, however, should not 
allay concerns about IG as a risk covariate 
for macro- and microvessel complications 
since IG usually leads to T2DM, which is 
known to cause such complications. Fi- 
nally, our study sheds doubt on the com- 
mon assumption that IG is the proximate 
and usual cause of chronic idiopathic pain- 
ful and autonomic polyneuropathy (atyp 
DPN or CIAP) since IG does not appear to 
be an adequate explanation of their cause. 
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